Current toxicity tests with microalgae are often criticized as being overly sensitive to metals because algae are cultured in metal-deficient media. If such bioassays overestimate copper toxicity in surface waters, the relevance of water quality guidelines derived from these tests is questionable. In this study, the effect of acclimation to copper at environmentally relevant concentrations, on the sensitivity of the marine diatom Nitzschia closterium and the freshwater green alga Chlorella sp. to copper and zinc was examined. N. closterium was acclimated in culture medium containing 5 or 25 g Cu L-1 for 200 days, while Chlorella sp. was acclimated in medium containing 2 g Cu L-1 for 100 days. Changes in algal growth rates and copper and zinc tolerance were monitored using standard growth inhibition toxicity tests in minimal medium over 72 h. Neither of the two acclimated N. closterium cultures had increased zinc or copper tolerance compared with that of the nonacclimated algae, nor were there any changes in control growth rates. Similarly, no changes in copper tolerance or control growth rates were observed for the acclimated Chlorella sp. culture. This was supported by measurements of intracellular and extracellular copper which confirmed that there were no differences in copper accumulation in either acclimated or nonacclimated algae. These results suggest that these algae grown in standard culture media are generally no more sensitive than algae grown in a metalenriched medium. This supports the continued use of current laboratory bioassays with microalgae, as part of a suite of tests for assessing metal bioavailability, for use in ecological risk assessments and for providing data for the derivation of water quality guidelines. for 100 days. Changes in algal growth rates and copper and zinc 26 tolerance were monitored using standard growth inhibition toxicity tests in minimal medium over 27 72 h. Neither of the two acclimated N. closterium cultures had increased zinc or copper tolerance 28 compared to the non-acclimated algae, nor were there any changes in control growth rates. 29
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INTRODUCTION 43 44
Algal bioassays are currently used to assess the impacts of contaminants on aquatic ecosystems 45 as well as to assist in the development of water quality guidelines. Chronic algal toxicity tests 46 typically measure the decrease in growth rate or cell biomass after a 72-h exposure to the 47
The results of this study aimed to provide a better understanding of the environmental relevance 106 of using these bioassays to assess metal bioavailability in natural waters at environmentally 107 relevant metal concentrations. 108
109

MATERIALS AND METHODS 110
Algal cultures 111
Nitzschia closterium was originally obtained from the Microalgae Culture Collection (CSIRO 112 Marine and Atmospheric Research, Hobart, Australia). The tropical alga, isolated from the Coral 113 Sea, Australia in 1981, was maintained in half strength G medium (Loeblich and Smith, 1968) . 114
This medium had measured total and dissolved copper concentrations of <2 µg L -1 , and total and 115 dissolved zinc concentrations of 79 ± 1 µg Zn L 
Growth inhibition bioassays 135
To determine algal tolerance to copper and zinc over several months, the effect of copper and 136 zinc individually on 72-h algal growth rates in minimal medium was assessed for each of the pre-137 acclimated algal cultures -N. closterium baseline and +5 µg Cu L -1 (+5Cu), and the for Chlorella sp. (Tables 1 and 2 ). Fifty 154 milliliters of toxicity test medium was dispensed into 250-mL borosilicate glass Erlenmeyer 155 flasks, pre-coated with silanizing solution (Coatsil, Ajax Chemical, Auburn, NSW, Australia) to 156 reduce adsorption of metals to the flask walls. All glassware was acid washed in 10% HNO 3 157 before use. Subsamples (5 mL) were immediately taken from each flask, acidified and analysed 158 for copper and zinc by inductively coupled plasma -atomic emission spectrometry (Spectroflame 159 EOP). Measured copper and zinc concentrations were used to calculate all toxicity test 160 endpoints. 161
Exponentially-growing algal cells of each species were centrifuged (2800 rpm x 7 min) and 162 washed three times before use in the bioassay to remove culture medium. Each flask was 163 inoculated with pre-washed cells to give an initial cell density of 2 -4 x 10 4 cells mL -1 . The pH7 was monitored throughout the test and cell density was measured each day for three days using a 165
Coulter Multisizer 2Z Particle Analyser with a 70 µm aperture. 166
Test endpoints and statistical analysis 167
The algal growth rate (cell division rate) in each flask over 72 h was calculated using regression 168 analysis. A regression line was plotted of the log 10 cell density against time (h) to determine the 169 slope of the line for each flask, equivalent to the cell division rate per hour (μ) and calculated as 170 doublings/day for each treatment. pre-acclimated and non-acclimated cultures (Table 1) . 245
For the +25 μg Cu L -1 pre-acclimated culture, the control growth rate after a 35-day acclimation 246 was only 0.76 doublings per day, much lower than the non-acclimated baseline control growth 247 rate of 1.4 doublings per day. However, after a 168 day pre-acclimation, control growth rates in 248 the +25 μg Cu L -1 pre-acclimated culture reached 1.5 doublings per day, similar to the baseline 249 culture. This suggests that the algae had acclimated to the high copper concentrations in the 250 culture medium over 168 days, prior to the bioassay. 251
The sensitivity of the +25 μg Cu L -1 culture to copper after a 35-day pre-acclimation was further 252 demonstrated by a clear shift in the copper concentration-response curve to the left (Figure 1b were not significantly different between pre-acclimated and non-acclimated algal cells (Table 3) . 291
The intra-and extracellular copper concentrations for the control (no added copper) were again 292 below detection limits for both the acclimated and non-acclimated cultures (3). For both non-293 acclimated and pre-acclimated cultures, 57% and 66% of added copper was associated with the 294 algal cells, respectively. The copper mass balance was good, with 95-120% recovery for all of the 295
replicates. There was no difference in the ratio of extra-to intracellular copper between the pre-296 acclimated and non-acclimated cultures for copper when expressed on a per cell, per volume or 297 per surface area basis. These findings further support the Chlorella growth-inhibition results, 298 revealing no difference in sensitivity to copper between copper pre-acclimated and non-299 acclimated cultures. 300
Effect of pre-acclimation to copper on zinc co-tolerance 301
The effect of prior exposure to copper on algal co-tolerance to zinc was determined for both the 302 
Sensitivity of N. closterium and Chlorella sp. to copper and zinc 322
The freshwater green alga Chlorella sp. was more sensitive to both copper and zinc than the 323 marine diatom N. closterium. Both algal species were also found to have a greater sensitivity to 324 copper than zinc, in agreement with other reported studies with microalgae using similar test 325 protocols (Franklin et al., 2001, Wilde et al., 2005) . 326
Comparison of IC 50 values found in this study with literature data is difficult, as differences in 327 test procedures and test conditions affect algal sensitivity to metals (Stauber and Davies, 2000) . ). Cultures acclimated 377 to copper concentrations at or above 35 μg Cu L -1 had lower growth rates compared to non-378 acclimated algae over the entire experimental period (12 weeks), while cultures at lower copper 379 concentrations recovered to some extent. In contrast, the +25 μg Cu L -1 pre-acclimated culture in 380 this study had decreased growth rates and copper tolerance compared to the non-acclimated 381 culture after 35 days of acclimation, with recovery to baseline levels after 168 days. It appearsacclimation periods have also been found by Kuwabara and Leland (1986) who reported copper 384 acclimation occurring within days for P. subcapitata. 385
The intra-and extracellular copper concentrations for the pre-acclimated cultures of both tropical 386 N. closterium and Chlorella sp., when exposed to copper concentrations equivalent to their 387 copper IC 50 values for 72 h, were not significantly different to the non-acclimated baseline 388
cultures. This supports the toxicity test findings, which showed no difference in copper tolerance 389 between the acclimated and non-acclimated cultures. Intracellular and extracellular copper 390 concentrations in P. subcapitata acclimated to copper concentrations ranging from 0. . The control 394 culture (no added copper) had lower cellular copper concentrations than those acclimated to low 395 non-toxic concentrations of copper, which Bossuyt and Janssen interpreted as copper deficiency. 396
The intracellular copper concentrations in Bossuyt and Janssen's study were measured 397 immediately after algae were transferred from stock cultures into fresh sterile media, as opposed 398 to our study where measurements were taken after algae were grown in minimal bioassay test 399 solutions (± copper) for 72 h. 400
Growth rates were also compared between the pre-acclimated and non-acclimated cultures to 401 determine whether algae were potentially copper deficient in baseline medium. Control growth 402 rates for both the acclimated Chlorella sp. and 5 μg Cu L 
